To understand soil organic matter 
INTRODUCTION
Soil organic matter (SOM) has been traditionally regarded as one of the key components for maintaining soil fertility of agricultural land. However, in relation to the problem of global warming, considerable attention has recently been focused on SOM dynamics as both a possible source and sink of carbon dioxide. In this context, ver y many attempts have been made to quantitatively simulate SOM dynamics using models such as CENTURY (Par ton et al. ) and RothC 
MATERIALS AND METHODS

Study sites
For the intensive study of soil respiration, we installed nine experimental plots at farmer , s home gardens in four regions of Indonesia that differed in terms of climate and geology. The regions were named as follows: BGF and BGC in Bogor, West Java; LBF and LBC in Lembang, in the highlands of West Java; PCF and PCU in Pacet, East Java; and SMF, SMFC, and SMC in Samarinda, East
Kalimantan. General climatic and geological conditions of the study plots are given in In each region, two farmer , s home gardens that contained predominately tree species or annual crops were selected for the present study, and are hereafter termed as -F and -C, respectively, except for the plots at Samarinda. For Samarinda, we selected three plots, i.e., SMF, SMFC, and SMC, with a decreasing domination of tree species in this order. The home gardens were generally as small as around several hundreds square meters. In the F plots, predominated trees reached > m in height and the soil surface was usually covered by the tree canopy and occasionally received substantial amounts of litter-fall, whereas in the C plots repeated Soil respiration rate was calculated based on the increase in atmospheric CO concentration in the cylinders min after sealing their tops. The initial and final CO concentrations were measured using an infrared CO analyzer (GH-E; Sensonix Japan Inc., Tokyo, Japan).
At the same time, soil temperature and volumetric water content were measured.
S o i l t e m p e r a t u r e a n d m o i s t u r e a s w e l l a s meteorological data such as rainfall and air temperature were also monitored using dataloggers (CR-X; analysis. We then calculated hourly soil respiration rates using the continuously monitored environmental data, summing these hourly results over a given period.
In the first step, we assume an Ar rhenius-type relationship between soil temperature and respiration rate:
where C em is an hourly soil respiration rate (mol C m The coefficients a, b, and E are calculated by stepwise multiple regression analysis (p = . ), using the measured data C em , , and T by SYSTAT . software (SPSS Inc. ). We then calculated hourly soil respiration rates using the continuously monitored Table ) . The C mineralization pattern was fitted to the following equation by the least squares method using SigmaPlot . (SPSS Inc., ), and the initial respiration rate was determined as kC : A total of soil samples were collected from surface -cm layers of soils as composite samples from fields in landscapes that differed in terms of relative domination of tree species, i.e., forest, pekarangan, and annual-crops field. Samples were subjected to chemical analysis to determine the following data: pH (in water), total C and N content (by dry combustion), potentially mineralizable C (C ), and finally particle size distribution (through a combination of sieving and pipette methods).
RESULTS AND DISCUSSION
Fluctuation of soil respiration rate and annual soil respiration determined at the monitoring plots Table ) . On the other hand, the coefficient relating to soil temperature (E) was often rejected (p = Using these parameters, hourly soil respiration originating solely from microbial respiration is simulated after temperature correction using the Q relationship, then summed for one consecutive year to calculate annual soil respiration (Table ) . Since the core samples were collected from surface -cm layers of soils, the annual soil respiration would be underestimated due to the contribution of deeper soil layers. In Fig. b , therefore, possible CO emission from surface -and -cm layers of soils is estimated based on the SOM distribution pattern in the soil profiles and compared with the annual soil respiration determined by field data. Assuming that the soil respiration originated only from surface -cm layers of soil, the microbial respiration estimated based on the incubation experiment would correspond to only % of field soil respiration on average (Table ) . If we extend the depth up to -and -cm layers of soils based on the distribution of total C stock in the soils, the ratio increases by and %, respectively, of the field soil respiration (Fig. b) . According to Nakane Table , MAT is highest in the plots of East Kalimantan, whereas MAPs are higher in West Java than in Central or East Java. Soil pH is lowest in East Kalimantan, It is notable that SOM-related properties (i.e., total C, total N, and C ) do not exhibit a clear regional trend, presumably because different land uses may give high variation in these properties within respective regions.
These datasets are used in the following discussion.
F a c t o r s c o n t r o l l i n g h o u r l y a n d y e a r l y s o i l respiration rates
To analyze factors that can control the soil respiration rate and annual soil respiration, principal component analysis to summarize various environmental and soil factors and then stepwise multiple linear regression were conducted using the dataset presented in Table . Variables employed included land use class, elevation, MAT, MAP, potential evapotranspiration (PEP), wetness (MAP/PEP), coefficient of variance (CV) for monthly precipitation, clay content, pH(H O), total C content, and C . The latter four variables were determined for surface -cm layers of soils. Table shows the factor patterns for the first four principal components, which accounted for % of their total variances.
The first component showed high coef ficients, positive or negative, for elevation, MAT, PEP, wetness, and total C. These variables cor responded to the ) , , : Singnificant at %, %, and % levels, respectively. ) The parameter was rejected in the stepwise regression (p = . ). ) The value was determined based on the average of measured soil respiration. proper ties derived from temperature gradient and resulting total C content of soils, i.e., decreasing elevation resulted in increased MAT and PEP and decreased wetness as well as decreased total C pool. Hence, the first component was referred to as the temperature and decreasing SOM factor. As shown in Fig. a Thus, as the SOM pool size increases, C em at the fixed condition also increases.
SOM dynamics in soils situated under dif ferent climatic and/or geological conditions
Using the equations given in Table and factor scores of each soil sample from the extensive sur vey, annual soil respiration determined by field measurement and laboratory incubation data are plotted against total SOM stock (Mg C ha − ) in the surface -cm soil layers (Fig. ) .
The amount of SOM stock is calculated based on the total C content (g kg − ) and bulk density (g cm − ) estimated using the following equation, which was obtained for the surface soils in the monitoring plots: Within each of the regions, despite differences in vegetation and SOM stock in surface soil layers, annual soil respiration determined by field measurement is essentially identical (Fig. a) . Whole soil respiration is strongly controlled by climatic factors. As a result, annual soil respiration estimated for the plots shows a clear regional trend, that is, it is highest in East Kalimantan, followed by the low-elevation areas of Java and then the high-elevation areas of Java.
On the other hand, annual soil respiration with microbial origin is higher under more forest-like land use (Fig. b) . However, plots under such forest-like land use are also expected to receive more litter input and actually tend to accumulate higher amounts of SOM in the upper soil layers. It is notable that the soils derived from tephra accumulate exceptionally high amounts of SOM while suppressing SOM decomposition, indicating that these soils are ver y advantageous for SOM management by farmers.
Possible land management systems in dif ferent regions of Java and East Kalimantan
As described above, annual soil respiration including both plant root and microbial respiration is highest in the East Kalimantan plots (Fig. a) , indicating that primary production is rapidly consumed through high biological activity and would not be readily accumulated as SOM under tropical rainforest climate. In 
